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However, the most important result is that 
the response of the device is exceptionally 
reproducible and stable. This is possible 
because the dimers had a fixed shape and 
could be formed reproducibly within the 
junction (with a success rate of about 
71%) to create a stable molecule/electrode 
interface: previously this had only been 
achieved with short molecules7. The 
response of the device could be confidently 
attributed to the IgG because denaturing it 

with urea was seen to stop conduction in 
the device. Furthermore, through antigen–
antibody molecular recognition, Huang and 
co-workers attached a cadmium selenide 
quantum dot to the stem of the Y shape to 
create the first protein phototransistor that 
can be gated by light (Fig. 1).

These achievements are relevant to the 
entire field of molecular electronics because 
this strategy can be used to create stable 
interconnections for different functional 

molecules. The use of nanoparticles can 
further enable very sensitive read-out 
schemes that are potentially important 
for several applications, including 
biosensing and read-out protocols for 
information stored in bistable molecules 
such as molecule-based magnets. However, 
industrial applications of these technologies 
will require the development of new 
methods for the large-scale integration of 
single-molecule devices at the chip level 
because the use of macroscopic electrodes 
for interconnections is not a viable 
approach. One approach is to assemble 
complex circuits directly at the molecular 
level using molecules or nanoparticles as 
interconnects, but new design rules and 
assembly schemes for circuit integration will 
be required to make this possible. In this 
respect, developing protocols for molecular-
scale lithography based on self-assembly will 
rely on reciprocal recognition between the 
molecular building blocks8. ❐
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Figure 1 | Protein phototransistor. This schematic shows an antibody, anti-nanoparticle immunoglobulin G 
(IgG), attached to metal (gold) electrodes by gold nanoparticles to form a highly stable molecular 
junction. A quantum dot can be conjugated to the IgG by a secondary antibody (red) to add light-gating 
capabilities to the device.

Mammalian cells are complex 
entities with different 
compartments that interact with 

each other to orchestrate a variety of 
biological processes. Studying individual 

events inside these compartments requires 
non-invasive optical tools that have high 
spatial and temporal resolution. Various 
optical methods1,2 can be used to study 
subcellular events, but most of them rely 

on high-precision optical imaging systems 
that are bulky, complicated and expensive. 
Fibre-optic fluorescence imaging3,4 (which 
involves attaching a nanoscale tip to an 
optical fibre) is less bulky and expensive, 
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Checking out the insides of cells
A nanowire attached to an optical fibre can deliver payloads or light into specific compartments within a living cell, 
and also detect optical signals from subcellular regions with high spatial resolution. 
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but it is physically invasive because of its 
overall size and the conical shape that is 
required for the efficient delivery of light. 
Now, writing in Nature Nanotechnology, 
Peidong Yang and co-workers5 report 
that a nanowire waveguide attached to a 
tapered optical fibre can guide light into 
specific compartments within cells in a 
non-invasive way, and can also track the 
movement of fluorescent species there. 
Moreover, this nanoscale endoscope can 
deliver payloads such as quantum dots 
into the cells.

Nanoparticles have been used as 
intracellular sensors6, contrast agents and 
vectors for drug delivery7, but the delivery 
of nanoparticles to a particular location 
within the cell has been inefficient because 
they are often either trapped inside tiny 
vesicles or form aggregates inside the cells8. 
Because of their uniform size, mechanical 
stability and flexibility, nanowires9 and 
nanotubes10 have been used to deliver 
nanoparticles into different compartments 
of the cell without affecting any cellular 
functions; however, they cannot 
deliver light.

Yang and co-workers — who are 
based at the Lawrence Berkeley National 
Laboratory, the University of California 
at Berkeley, the Korea Advanced Institute 
of Science and Technology, and Korea 
University — created an endoscope that can 
both deliver and receive light by attaching a 
tin dioxide nanowire that is 100–250 nm in 
diameter and 50–100 μm long to a tapered 
tip of a conventional optical fibre (Fig. 1). 
Because the nanowire has a much higher 
refractive index than physiological liquids, 
it can efficiently guide light through living 
cells. Compared with the optical output of 
the tapered optical fibre tip, laser light that 
travels through the nanowire is directional 
and well confined to the tip. Furthermore, 
the nanowire can deform, bend and 
buckle without being peeled off from the 
optical fibre.

Cells illuminated by blue light through 
the endoscope were unharmed because 
the illumination volume was small (down 
to a picolitre). Moreover, the endoscope 
could penetrate the cell membrane without 
inducing cell death or significant cellular 
stress — effects that are hard to avoid with 
conventional fibre-optic probes.

To demonstrate the various functions 
of the endoscope, Yang and co-workers 
attached quantum dots to the nanowire by 
photocleavable linkers and used a simple 
optical microscope to monitor the delivery 
of the dots into a living mammalian cell. 
Within one minute of being exposed 

to focused ultraviolet irradiation, two 
quantum dots were released inside the cell 
approximately 2 μm apart. The endoscope 
could selectively excite one of the two dots 
while leaving the other one dark, and could 
follow the movement of one of the dots 
within the cell compartments with high 
temporal resolution. A tiny spot on cell 
membranes stained with fluorescent dyes 
could also be illuminated. Because of the 
small illumination volume and the small 
separation between the light source and the 
fluorescent molecules, the endoscope could 
distinguish fluorescence signals from the 
top and bottom of the cell membrane.

In addition to delivering light to excite 
fluorescent molecules, the endoscope 
could detect fluorescence signals from 
quantum dot clusters located within the 
cell. The signals, which are collected on 
a spectrometer attached to the distal end 
of the optical fibre, are sensitive to the 
distance between the quantum dot cluster 
and the nanowire tip.

Although not explicitly shown by Yang 
and co-workers, the cell endoscope could 
also potentially sense the chemical and 
physical properties of specific intracellular 
locations or treat them selectively with 
drugs, genes or proteins that are delivered 
locally. It is possible to use the endoscope 
to investigate intracellular processes 
together with changes in local surroundings 

and effects of external treatment, which 
could be useful in cell biology and 
medicine. Furthermore, because the 
endoscope probe is compatible with both 
common optical microscopes and mature 
fibre optic components, it can potentially 
be widely used in research laboratories. 

Because the current form of the 
endoscope has only a single nanowire, it 
cannot illuminate and collect signals at the 
same time. For the future, the challenge is 
to improve the endoscope so it can perform 
both roles simultaneously while keeping the 
probe dimensions small. ❐
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Figure 1 | A nanowire-based optical probe for single-cell endoscopy. The schematic shows how the 
nanowire endoscope developed by Yang and co-workers5 can deliver light from an excitation laser 
into specific regions of a single cell, and how it can also collect light from the cell and direct it into 
a spectrometer for analysis. The endoscope consists of a tin dioxide nanowire coupled to a tapered 
optical fibre, and can be positioned with a standard micromanipulator.
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